Previous work from this laboratory has indicated that actomyosin bands prepared from heart muscle of dogs preserve undiminished contractility for one hour after the death of the animal (1). This suggested the possibility of investigating the contractile properties of actomyosin bands from human hearts obtained at autopsy. Such a study would make possible a comparison of actomyosin prepared from normal human heart muscle with that obtained from heart muscle of patients who had died of congestive heart failure. The method could also be used to obtain information on the effect of cardiac glycosides and other drugs on the contractile elements of normal and failing human heart muscle. To the present, only actomyosin preparations from hearts with artificially produced failure have been studied (2, 3). In these "models" obtained from dogs' hearts, the mechanism and nature of failure may vary from that encountered in man.
Previous work from this laboratory has indicated that actomyosin bands prepared from heart muscle of dogs preserve undiminished contractility for one hour after the death of the animal (1) . This suggested the possibility of investigating the contractile properties of actomyosin bands from human hearts obtained at autopsy. Such a study would make possible a comparison of actomyosin prepared from normal human heart muscle with that obtained from heart muscle of patients who had died of congestive heart failure. The method could also be used to obtain information on the effect of cardiac glycosides and other drugs on the contractile elements of normal and failing human heart muscle. To the present, only actomyosin preparations from hearts with artificially produced failure have been studied (2, 3) . In these "models" obtained from dogs' hearts, the mechanism and nature of failure may vary from that encountered in man.
The present report deals with a comparison of the contractile properties of actomyosin prepared from normal and failing human hearts and with the effect of calcium chloride and digoxin and the action of nicotine on these preparations.
MATERIAL AND METHODS
Actomyosin solution was prepared in the cold (40 C.) as follows: The heart was minced with scissors and 10 Gm.
of the muscle was homogenized in a Waring blendor for three minutes with a fourteenfold volume of WeberEdsall solution. The muscle was then extracted for 24 hours at 60 C. after addition of 20 mg. of the disodium salt of adenosine triphosphate (ATP). After supernatant fluid was again centrifuged at 4,000 rpm for 10 minutes. Following this, the supernatant fluid was diluted with a fivefold volume of triple glass distilled water; the pH was adjusted to 7.0 by careful addition of 1/10 N acetic acid. Usually, 17 ml. of the acid was sufficient. The solution was then centrifuged at 1,500 rpm for 30 minutes. The supernatant was discarded and the precipitate was suspended in about 20 ml. of triple glass distilled water and centrifuged again for 15 minutes. The precipitate was dissolved in 2 M KCl to a final concentration of 0.5 M KCl. One ml. of this solution was used for the formation of actomyosin bands. The solution was pipetted on the surface of a glass slide, from which it was transferred into a solution contained in a Langmuir trough. This trough solution contained 0.05 M KCl and 0.001 M magnesium chloride, and was buffered to a pH of 7.5 with 1/100 M barbital buffer. The temperature in the trough was kept at 240 C.
The technique for the formation of bands has been previously described (4) . However, since certain modifications were used, the method is briefly summarized at this point. The protein solution spread on the surface of the trough was compressed between two wooden sticks into bands, and then pushed gently into the contraction chamber containing 40 ml. of the trough solution (Figure 1) . One end of the band was firmly fixed in position by a rigid connection with the bottom of the trough (Figure 1 ). The other end of the band was attached to the elongated arm of a Roller Smith torsion balance. The length of the band was approximately 2 cm., the width about 5 mm. Only afterloaded contractions were studied. The band was loaded by moving the weighing spring of the torsion balance by the desired number of mg. (between 5 to 25 mg.). ATP was now added to the contraction chamber to make a final concentration of 0.005 M. As the protein band contracted upon the addition of ATP, the arm of the torsion balance followed the contraction. This initiated an electronic Servo feedback mechanism which moved the trough in a direction opposite to that of the contraction. Thus, the arm of the torsion balance was always kept in equilibrium position and a counter force was produced which equalized in every instance the tension of the thread. The movements of the trough were recorded on paper with an inkwriter. With this method, one can record without appreciable friction, shortening of the band at a magnification of 23 diameters. Percentage of shortening of the bands was calculated by dividing the amount of contrac-
FIG. 1. THE LANGMUIR TROUGH IN WHICH THE ACTOMYOSIN SOLUTION IS COMPRESSED
INTO BANDS The contraction chamber is at the right. The torsion balance and its elongated arm are also shown. As the protein band contracts, the elongated arm of the torsion balance moves with the contraction; the trough moves in an opposite direction. Thus, the counter force pro-(luced equalizes the tension on the bands. tion (mm.) by the initial length of the band 30 minutes after addition of ATP. All contractions were expressed per mg. of load. Results were subjected to statistical analysis. Regression lines were calculated for each series of experimental conditions and the significance of the regression coefficient was obtained with standard procedures (5) . The group means and regression coefficients thus obtained were tested for significant differences from the control group (hearts obtained from patients without heart failure, without addition of digitalis, calcium chloride, or nicotine). To determine whether the interval between death of the patient and time of extraction of actomyosin alters the contraction of the bands, individual regression lines were obtained for each of these time intervals, and the regression lines were tested for significant differences between both the group means and the regression coefficient (5).
Material was obtained at autopsy from human heart muscle. Ten to twenty Gm. of muscle were excised, the pericardium was discarded, and the muscle was chopped into small pieces and placed in crushed ice. Homogenates were then made and preparation of actomyosin was carried out in the manner described above. The material was collected from 41 hearts at periods ranging from one to six hours after death of the patient. Twelve of the patients had died from congestive heart failure due to arteriosclerotic or hypertensive heart disease. The remainder died from malignancy, cirrhosis of the liver, leukemia, peptic ulcer, or cerebral vascular accident.
RESULTS
Before comparative studies on contraction of actomyosin bands from human hearts could be carried out, it had to be ascertained that prolonged intervals between death of the patient and preparation of actomyosin did not affect the contractility of the protein. The experiments revealed no significant differences between the fresh preparation and that obtained from one to six hours after death. (Differences among the group mean p > 0.05.) This applies to actomyosin prepared from both normal and failing human hearts. Figure 2 illustrates the findings obtained on actomyosin prepared from heart muscle of patients who had died without clinical evidence of heart failure. As the load on the protein band increased, the percentage shortening diminished. The relationship between load and percentage shortening was maintained after nicotine had been added to the contraction chamber ( Figure 3) . However, the degree of shortening of the bands was less per mg. load than in the control series ( Figure 3 ). The effect of digoxin with and without the addition of calcium chloride as well as of calcium chloride alone is illustrated in Figure 4 . Neither calcium chloride nor digoxin appeared to influence the contractility of the protein band. However, calcium chloride in combination with digoxin increased the contractility of actomyosin prepared from normal human hearts. (6, 7) .
The results on 45 actomyosin bands prepared from hearts of patients who died in congestive heart failure are illustrated in Figure 5 . Protein bands prepared from these hearts showed a significant reduction in percentage shortening. Many of the data lie below the standard deviation of the normal controls. As in normal hearts, digoxin failed to increase the contractility, of actomyosin prepared from failing human hearts (Figure 5) . In contrast, the combined addition of digoxin plus calcium chloride resulted again in a significant improvement in contraction of the actomyosin bands ( Figure 5 ). This is illustrated by the fact that the group mean of this experimental series is 39 per cent for a load of 11.8 mg. This is identical with the group mean of the values obtained from normal hearts (Figure 1) . Apparently, the glycoside combined with calcium chloride restores the contractility of actomyosin bands of failing human hearts to normal. DISCUSSION The data reveal that the contractility of actomyosin bands prepared from human hearts remains undiminished for at least six hours after death of the patient. Apparently, the contractile proteins of the human heart are even more resistant to autolysis than are ATP or the respiratory enzymes of heart muscle which are inactive three hours after death (8, 9) .
A reverse relationship exists between load and percentage shortening of actomyosin bands prepared from human heart muscle ( Figure 2 ). This relationship is maintained after the addition of nicotine, although shortening of the bands is less than in the control series (Figure 3 ). The effect of nicotine is so slight that a direct effect of this drug on the contractile proteins of the heart cannot be postulated. This observation is in line with previously published data on the effect of nicotine on the isolated heart (10, 11).
Digoxin and calcium chloride, when added separately to the actomyosin solution or the contraction chamber, fail to influence the contractility of actomyosin bands prepared from either normal or failing human hearts. These observations are in agreement with those obtained by several authors. Korey, for example, demonstrated that digoxin does not change shortening of glycerinated skeletal muscle strips and Stutz, Feigelson, Emerson, and Bing have shown that lanatoside-C influences neither the force nor the speed of contracting glycerinated heart muscle (6, 12) . No effect of digoxin on the length-resting tension relationship of glycerinated heart muscle could be demonstrated (12) . Similar results were obtained by Edman (7); Benson found that digitalis does not reverse the changes in cardiac actomyosin observed in artificially produced congestive failure (3). Other workers, however, noticed that cardiac glycosides influence the speed and force of actomyosin threads (13, 14) . It is likely that these discrepancies are the result of differences in technique and in the preparation of actomyosin.
The results reported in this paper illustrate that the combination of calcium and glycoside leads to an increase in contractility of actomyosin bands prepared from both failing and nonfailing human heart muscle. It has long been known that in the frog heart CaCl2 is essential for the activity of cardiac glycosides. Loewi was of the opinion that the glycosides sensitize the myocardium to the action of calcium chloride (15) . Potentiation of the effect of digitalis by calcium ion has been demonstrated in the frog heart, the Langendorff, and the heart-lung preparations (16) (17) (18) (19) . The mechanism of the synergistic action between CaCl2 and the glycosides is not known. Wilbrandt is of the opinion that changes in extracellular CaCl2 produce an alteration in the intracellular concentrations of the ion (20) ; the contractility of actomyosin would thus be increased by influencing the ATP-ase activity of this protein. Bozler has demonstrated that the glycerol extracted muscle fiber takes up CaCl2 from a dilute solution of this salt, but where and how CaCl2 is bound to the muscle protein has not been ascertained (21) . Ellis has shown, however, that the positive inotropic effect of CaCl2 and digitalis is not dependent upon the functional integrity of oxidative metabolism of the cell (22) .
Actomyosin bands prepared from failing human hearts demonstrate a marked diminution in contractility. It is not possible to state at this point whether this is the result of changes in contractile proteins of the failing heart. However, Benson had previously noted that in dogs with experimental heart failure there occurred a decrease in concentration of actomyosin, diminished viscosity per unit of actomyosin, and decreased viscosity response to the addition of ATP (3). He ascribed these changes to alterations in the organization of actomyosin, more specifically to the presence of myosin uncombined with actin. The dissociated state of actomyosin may be due to physical changes in heart muscle. Olson concluded that heart failure in dogs leads to marked changes in the physical-chemical properties of myosin consistent with a sizable increase in molecular weight (2) . The results reported in this paper, although confirming the existence of changes in actomyosin of failing hearts, permit no conclusions on the nature of these alterations. It is likely, however, that the observed differences between the contractility of actomyosin prepared from normal and failing hearts are due to changes in the heart muscle prior to extraction. It is difficult to visualize, for example, how the failing heart muscle could be more susceptible to autolysis than muscle prepared from nonfailing hearts.
SUMMARY
Actomyosin bands were prepared from normal and failing human hearts obtained at necropsy. ATP-induced afterloaded contractions were recorded without friction by means of a new null seeking device.
The time interval (two to six hours) between death of the patient and the preparation of actomyosin did not affect the shortening of the actomyosin bands.
Actomyosin bands prepared from normal hearts demonstrated a reverse relationship between load and percentage shortening. Nicotine caused a slight diminution in the contractility of the bands, while CaCl2 and digoxin, when added separately, had no effect. When combined, CaCl2 and digoxin increased the shortening of the bands. The contractility of actomyosin bands prepared from failing human hearts was significantly diminished. Digoxin failed to correct this defect, but the combination of digoxin and CaCl2 restored shortening of the bands to normal.
